Note the characteristic sharp internal elastic fiber encircling the lumen but the absence of elastic fiber in the muscular medial layer of the artery. By contrast, there is an absence of an internal elastic lamina and there are multiple layers of elastic fibers in the medial muscular layer of the vein. These vessels are from an infiltrated erythematous lesion on the inner sole. The compact concentric muscular layers and the internal elastic lamina-like elastic fiber in the intima (arrow at bottom right: [elastic tissue stain]) in the vein resemble the features of an artery.
Points and pitfalls of distinguishing between arterial and venous vessels
However, the concentric continuous wreath-like smooth muscular pattern with the lack of elastic fibers in the medial muscular layer in an artery (bottom left: [elastic tissue stain]) is distinguishable from the discontinuous bundled smooth muscular layers separated by abundant elastic fibers in the medial muscular layer in the vein (bottom right). Moreover, the sharp even thickness of the internal elastic lamina (arrow heads) in the artery is dissimilar to the uneven feature of the internal elastic lamina-like elastic fiber (arrow) in the vein. Arterioles contain one to two medial muscular layers with a sharp layer of internal elastic lamina (green arrows) adhering to the outside of the endothelial cell layer (which faces the lumen). By contrast, the venules lack an internal elastic lamina but have a layer of perivascular elastic fiber that may be mistaken for the authentic internal elastic lamina of arterioles.
Arterial wall (Figures 1 and 2 )  The smooth muscle layers in the media have a compact concentric and continuous distribution.  A lack of elastic fibers in the medial layer.  A sharp, evenly thick internal elastic lamina is present. (Figures 1 and 2 )  Smooth muscle layers in the media have a discontinuous bundled distribution.  Prominent elastic fibers in the medial layer are present.  Absence of an authentic internal elastic lamina.  Venous valves may be present.
Venous wall


The presence of the intimal elastic fibers in veins (arrow at the bottom right of Figure  2 may mimic the internal elastic lamina in arteries (arrow heads at bottom left of Figure 2 ), while the uneven thickness and partial multilayer of the intimal elastic fibers in veins are distinguishable.  Morphological features of the veins obtained from skin lesions of the dorsal or plantar feet may show a thick compact and continuous smooth muscle layer distribution similar to arteries. 8 The bundled smooth muscular layers, separated by abundant elastic fibers in the media of veins (bottom right of Figure 2 ), is distinguishable from the concentric and continuous smooth muscular layers with a lack of elastic fibers in the arterial media (bottom left of Figure 2 ).
Concept of cutaneous vasculitis
Vasculitis is an inflammatory process occurring primarily on the vessel wall, leading to vessel wall destruction and subsequent hemorrhagic and ischemic events. Cutaneous vasculitis comprises vasculitis of the dermal small vessels and the subcutaneous small muscular vessels. Basic principle of histopathologic diagnosis for cutaneous vasculitis is the morphological evidence of both (1) 
Histopathologic diagnosis of cutaneous vasculitis
1) Biopsy: Timing, technique, and choice of lesions
A n a p p r o p r i a t e s k i n b i o p s y i s t h e k e y t o obtaining a significant result for cutaneous vasculitis. Timing of biopsy:  The pathologic features of vasculitis may be absent if the biopsy is poorly timed. A skin biopsy should not be performed for purpuric or infiltrated lesions after 48 hours, and a skin biopsy should not be performed for deep nodular erythematous lesions after 72 hours. Choice of lesions and biopsy technique:  A biopsy extending to the subcutis should be taken from the most palpable purpuric lesions or the most tender, reddish nodular or infiltrated lesions.  For purpuric lesions or infiltrated erythematous lesions smaller than 5 mm, a 3 to 4 mm large punch biopsy extending to the subcutis will enable histopathologic confirmation..

For nodular erythema lesions or infiltrated erythema larger than 5 mm, a spindleshaped incisional biopsy extending to the subcutis with a 5 to 6 mm large tissue sample should be performed on the central lesions.
It is better to perform two biopsies. The first, a biopsy of the most palpable and tender lesions for light microscopy examination; the second, a punch biopsy of an early erythematous or purpuric lesion for a direct immunofluorescence (DIF) examination. 
2) Significance of direct immunofluorescence examination
A DIF examination is a crucial component of diagnosis. 1 Palpable purpura on the lower legs with a histopathologic feature of leukocytoclastic vasculitis is the most common finding in vasculitis disorders with dermal small vessel involved, which can be found in ANCArelated vasculitis (e.g., Churg-Strauss syndrome, Wegener's granulomatosis and microscopic polyangiitis); cryoglobulinemic purpura; collagen disease-associated vasculitis (e.g., rheumatoid arthritis, systemic lupus erythematosus, Sjögren disease); and HenochSchönlein purpura. It is therefore difficult to make a distinction just based on the cutaneous manifestations and histopathologic findings. However, the absence of immune complexes, the so-called pauci-immune vasculitis, is an expected finding in Churg-Strauss syndrome, Wegener's granulomatosis, and microscopic polyangiitis. By contrast, deposition of IgM, and/or C3 in or around the vessels characterizes immune complex-mediated vasculitis, as found in cryoglobulinemic vasculitis, rheumatoid vasculitis, 9 and systemic lupus erythematosus. Vascular deposition of IgA, rather than IgG or IgM, is required for the diagnosis of Henoch-Schönlein purpura ( Figure 5 ). Similar to hematoxylin and eosin evaluation, the presence of diagnostic immunofluorescence patterns is inversely related to the age of the lesion biopsied. Nearly 100% of biopsies will identify immunoglobulins within the first 48 hours, followed by 70% positive results at 48-72 hours; immunoglobulins will not be detected in the lesions after 72 hours. A histopathologic diagnosis for small vessel vasculitis should fulfill both criteria I and II above.
Other minor features, including erythrocyte extravasation and nuclear dust, are not the crucial findings for a diagnosis of small vessel vasculitis. Q: Why is a perivascular infiltration of inflammatory cells indispensible for a diagnosis? A: Vasculitis is an inflammatory process occurring primarily at the vessel walls. A perivascular infiltration of inflammatory cells is indispensible for a diagnosis and to avoid the diagnostic pitfalls of: 1. Vessel damage caused by direct vessel invasion by bacteria, fungi (Figure 16 ), or tumor cells (Figure 20) , rather than by inflammatory cells; and 2. Secondary vessel wall damage (i.e., innocent bystander damage) caused by adjacent primary necrotic connective tissue, as found in lesions of dermal or subcutaneous abscess (Figures 17 and 18 ). Q: Why is fibrinoid necrosis of the vessel wall indispensible for a diagnosis of small vessel vasculitis? A: On light microscopy examination, the morphology of vessel wall fibrinoid necrosis is the sole finding of small vessel damage and is accepted as crucial in distinguishing small vessel vasculitis from vasculitis-like disorders with a perivascular infiltration of inflammatory cells (which would occur without evidence of fibrinoid necrosis of the vessel wall). Components of small vessels in the dermis mainly comprise one to two muscular layers with an inner endothelial cell layer facing the lumen ( Figure 3 ). The inflammatory cells can pass from the lumen through the small vessel wall without damaging the vessel wall.
Therefore, the finding of perivascular inflammatory cells infiltrating into the vessel wall is not convincing evidence of vessel wall damage. Endothelial cells, the main component of the small vessel wall, play a key role in preventing blood from coagulation. Once inflammatory cells such as neutrophils damage the endothelial cells, the endothelial cells lose their anticoagulation function (Figure 6 ), resulting in the formation of fibrin thrombi at the luminal side of the damaged endothelial cell (Figures 6 and 7) . A zone of a homogeneous eosinophilic deposit, (i.e., fibrinoid necrosis) -mainly containing fibrin mixed with cellular debris, including necrotic or apoptotic endothelial cells and, most often, degenerated neutrophils, and serologic proteins such as immunoglobulins and complements -eventually forms at the affected vessel wall and discharges outward to the perivascular area 3,10 ( Figures  6 and 8 ). Fibrin thrombi (thick arrows) mixed with a few inflammatory cells are adhered to the affected intima, where loss of endothelial cells can be appreciated (long arrow). By contrast, no evidence of fibrin thrombi formation can be identified at the adjacent intima where endothelial cells remain intact. The affected vessel wall (arrows) of fully developed vasculitis is characterized by a zone of a homogeneous eosinophilic deposit (i.e., fibrinoid necrosis) which mainly contains fibrin mixed with cellular debris (including degenerated neutrophils and necrotic or apoptotic endothelial cells) and serologic proteins such as immunoreactants. This subsequently discharges outwardly into the perivascular area.
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Diagnostic criteria for muscular vessel vasculitis 9
Essential findings:
I) Perivascular and intravascular wall infiltration of inflammatory cells
In the normal condition, the muscular vessels do not allow inflammatory cells to infiltrate into the compact muscular vessel wall. When there are inflammatory cells in the muscular vessel wall, there will always be destruction of the vessel wall, which manifests as edema of the medial layer and disruption of the muscular layers ( Figures.9, 10, 11, Figure13B,  Figures31B and 32C ). The crucial feature of vessel wall fibrinoid necrosis, which is used for the diagnosis of small vessel vasculitis, is not essential for the diagnosis of muscular vessel vasculitis. Muscular vessel vasculitis with vessel wall fibrinoid necrosis will certainly be diagnosed as necrotizing arteritis or necrotizing phlebitis.
II) Morphological evidence of internal elastic lamina destruction, confirmed by elastic fiber staining, is needed to diagnose arteritis at the healed stage.
A feature of arteritis at the end stage (i.e., healed stage) is minimal inflammation in and around the affected artery. At this stage, it is impossible to determine, just based on hematoxylin eosin stain, if there had ever been vasculitic inflammation of the suspected artery. Disruption of the internal elastic lamina is evidence of arteritis at the healed stage ( Figure 14A ).
A histopathologic diagnosis for muscular vessel vasculitis should fulfill either criteria I or criteria II above. A predominate infiltrate of neutrophils with nuclear dust in and around the affected muscular vein but without fibrous proliferation or neovascularization. (Left) The inflammatory cells comprise a mixed infiltrate of neutrophils, lymphocytes, and histiocytes; however, there is no formation of fibrous proliferation and no neovascularization in and around the vessel wall. (Right) [elastic tissue stain] The fibrinous exudates can be seen discharging into the medial muscular layers throughout the disrupted internal elastic lamina (arrows). Note the predominate infiltrate of lymphocytes and histiocytes; the neovascularization in and around the vessels; and luminal fibrous occlusion. 
4) Inflammatory stages of vasculitis (morphological evolution of vasculitis)
For muscular vessel vasculitis, morphological changes in the vessel wall and in the luminal and perivascular areas during the dynamic inflammatory process are diagnostically important and influence the mode of treatment. For example, patients with ulcerative lesions (caused by arteritis at the healed stage with intimal fibrous thickening resulting from luminal occlusion) should be administered anticoagulation agents and vessel dilating medications, rather than systemic steroid treatment. By contrast, for patients with lesions at either the acute or subacute stage of arteritis, initiating of systemic steroid treatment should be considered as early as possible to suppress and cease the ongoing inflammation occurring on the vessel wall; this prevents further destruction of the affected vessels .
Vasculitis of the dermal small vessels (e.g., arterioles and venules) does not have these proliferative changes as characterized by either fibrous proliferation or neovascularization of the lumen and vessel wall. However, the formation of perivascular fibrosis may be found in old lesions of certain small vessel vasculitis disorders such as erythema elevatum diutinum.
Inflammatory stages of muscular vessel vasculitis start as an acute stage, followed by a subacute stage, a reparative stage, and a healed stage. 11, 12 Acute stage: Characterized by a predominate infiltrate of neutrophils (or eosinophils in cases of Churg-Strauss syndrome 12 ) in and around the vessel wall and the lumen, but without evidence of new capillary formation (i.e., neovascularization) and fibrous proliferation in and around the vessel (Figures 10 and 11 ). Another feature is that the internal elastic lamina remains intact ( Figure 10 ). Subacute stage: Characterized by a mixed infiltrate of neutrophils, lymphocytes and histiocytes with the formation of a fibrinoid deposit (i.e., fibrinoid necrosis) in the intima of the affected arteries. This is subsequently accompanied by its discharge into the muscular medial layer and outward spread to the perivascular area throughout the sites of disrupted internal elastic lamina ( Figures 12A and 12B ).
Reparative stage (i.e., granulation tissue stage):
Characterized by a predominate infiltrate of lymphocytes and histiocytes and fibrous and vascular proliferation in and around the affected muscular vessels. Intimal and luminal fibrous thickening results in luminal occlusion. (Figures 13 and 15b) . Healed stage (i.e., scar stage): Characterized by scant inflammation with marked fibrous proliferation and neovascularization in and around the affected muscular vessels ( Figures  14A and 14B ) and marked disruption of internal elastic lamina in the affected arteries ( Figure 14A ).
The coexistence of different stages of arteritis or phlebitis can occasionally be identified at the same skin lesion or from different biopsied lesions (Figure 15a) . Figure  15a shows a mixed infiltrate of neutrophils (i.e., neutrophil elastase), lymphocytes (i.e., CD45RO), and histiocytes (i.e., CD68) in and around the vessel wall. Figure 15a shows a predominate infiltrate of lymphocytes (CD45RO) and histiocytes (CD68) with virtual absence of neutrophils (i.e., neutrophil elastase) in and around the vessel wall.
5) Diagnostic pitfalls
Vessel wall destruction
Vessel destruction can be found in vasculitis-like disorders (i.e., pseudovasculitis) 7 due to direct vessel wall invasion from organisms (e.g., bacteria, fungi) ( Figure 16 ) or tumors cells (Figure 20 ), rather than inflammatory cells.
Fibrinoid necrosis of the vessel wall
This crucial pathological feature of vasculitis can also be found in pseudovasculitis as a result of secondary vessel wall destruction due to lesions of a dermal/subcutaneous abscess or necrosis ( Figures 17 and 18) ; or due to overlying ulcerative lesions ( Figure 19) ; or due to a direct vessel wall invasion by tumor cells (Figure 20 ).
Overlooking the main vasculitis lesion
A vasculitic lesion presents as a segmental lesion. Therefore, features of vasculitis may be missed on the initial hematoxylin-eosin-stained section for patients with clinically suspected vasculitis. Serial sections are often required to identify the main vasculitis lesion (Figure 21 ).
Misdiagnosis of thrombophlebitis as cutaneous polyarteritis nodosa
Concentric compact muscular layers and internal elastic lamina are diagnostic pitfalls. 8 Fig . 16 . Destruction of the small artery, caused by a direct vessel wall invasion from embolic Aspergillus.
Fig. 17. Fibrinoid necrosis of the arterial vessel wall (arrows in A)
, resembling arteritis, is caused by secondary involvement (i.e., innocent bystanders) from an adjacent subcutaneous abscess (arrows in B).
The persistent hydrostatic pressure occurring in the lower legs usually results in hypertrophy of the medial muscular layer of the superficial subcutaneous veins, especially those located in the dorsal or plantar parts of the feet. (Figure 2 ) The medial muscular layer in the vein is often thicker than its muscular layer counterpart in the artery and may show a compact smooth muscular pattern with an intimal internal elastic lamina-like feature resembling the charaterisrtic features of artery. Moreover, the clinical similarities features between superficial thrombophlebitis and cutaneous polyarteritis nodosa account for the difficulty in the differential diagnosis between these two disorders. (Figures 22A-E) An understanding of the morphologic characteristics of the veins of the lower legs ( Figures  1, 2 ) is indispensible for a correct histopathologic diagnosis and is indispensible in avoiding the misdiagnosis of cutaneous polyarteritis nodosa and overtreatment for superficial thrombophlebitis. (Figures 22A-E) . Table 1 . Classification of cutaneous vasculitis, based on the size of the affected vessels, the predominate inflammatory cells, and the DIF studies figure 22A and (D) Cutaneous polyarteritis nodosa in figure 22B A B
Small vessel vasculitis
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They are also histopathologically similar. Both show a subcutaneous muscular vessel lesion with a compact concentric vessel wall and perivascular panniculitis. Discontinuous bundled muscular layers separated by the rich elastic fibers in (E) thrombophlebitis is very distinguishable from the scant elastic fibers in muscular vessel wall in (F) cutaneous polyarteritis nodosa. The intimal elastic fiber in thrombophlebitis (arrow, in E) may be misinterpreted as the authentic internal elastic lamina of an artery. However, the uneven thickness and partial multilayer figures are distinguishable from the even thickness of the authentic internal elastic lamina (arrow, in F). 
Muscular vessel vasculitis and their related disorders
Muscular vessels of the lower dermis to the subcutis are small or medium-sized arteries and veins having a caliber larger than 100 um. Small arteries or veins ranging from 200 um to 400 um at the dermo-subcutaneous junction are the vessels commonly affected in either cutaneous polyarteritis nodosa 1, 6, 8 ( Figures 22D and 22F ), in idiopathic superficial thrombophlebitis ( Figures 22C and 22E ), or in Behçet's disease 13 ( Figure 26 ).
Disorders with coexistent small vessel vasculitis and muscular vessel vasculitis
Coexistent small vessel vasculitis and muscular vessel vasculitis is a feature of systemic vasculitis such as ANCA-related vasculitis, 17, 18 collagen disease, 9 and Behçet's disease, 13 or infection, inflammatory bowel disease, drug and neoplasm-related vasculitis ( Figures. 25, 26 , and 27). Figures 29 and 30) . 12, 18, 20, 21 Nuclear dust found in and around the affected vessels is a feature of neutrophilic vasculitis (also known as leukocytoclastic vasculitis). Eosinophilic and lymphocytic vascuiltis are both characterized by a predominate eosinophilic or lymphocytic infiltrate without nuclear dust ( Figures. 27C and 28) . in (B) ), surrounded by a marked infiltrate of eosinophils. In contrast to neutrophilic vasculitis in Figure 26C , in which nuclear dust is markedly present, eosinophilic vasculitis virtually lacks nuclear dust, as seen in (C).
3) Diagnostic clues to the correspondent vasculitis disorders
A diagnosis of vasculitis, based on the infiltrate of the predominate inflammatory cells, is a histopathologic diagnosis and generally is not the final diagnosis since most vasculitis disorders such as ANCA-related and collagen disease-related vasculitis share histopathologic features. The histopathologic features of most small vessel vasculitis are also shared by neutrophilic vasculitis. The clinical and laboratory information are generally both needed to make the final diagnosis. However, the following unique histopathologic features are the diagnostic clues to the correspondent vasculitis disorders (Table 1) 2. Subcutaneous granulomatous arteritis or phlebitis surrounded by a marked infiltrate of eosinophils is diagnostic of Churg-Strauss syndrome ( Figures 27B and 29) . 12,18 3. Subcutaneous eosinophilic arteritis is diagnostic of juvenile temporal arteritis 19 and Churg-Strauss syndrome. 17 4. Phlebitis and/or neutrophilic panniculitis with overlying dermal venulitis is a unique feature of Behçet's disease (Figure 26 ). 13 5. Dermal eosinophilic vasculitis is a very rare finding. It is usually found in idiopathic cutaneous eosinophilic vasculitis, 15 collagen disease, 16 and Churg-Strauss syndrome (Figure27C). 18 6. Dermal granulomatous vasculitis is a unique finding. It is usually found in sarcoidosis (Figure 30 ), postherpetic eruption, and collagen disease. 7. Subcutaneous granulomatous muscular vessel vasculitis is a unique finding. It is usually found in classic temporal arteritis ( Figure 31 ) and nodular vasculitis also known as erythema induratum characterized by indurated erythematous lesions in the lower legs with a subcutaneous vein predominately affected (i.e., granulomatous phlebitis) in conjunction with lobular granulomatous panniculitis. It may be occasionally be found in Churg-Strauss syndrome, 12, 18 collagen disease (e.g., rheumatoid arthritis); inflammatory bowel disease (e.g., ulcerative colitis, Crohn's disease); and postherpetic eruption with nodular lesions. 8. The coexistence of dermal neutrophilic vasculitis and palisaded granuloma with central basophilic degenerated collagen fibers suggests Churg-Strauss syndrome (Figure 32 ), Wegener's granulomatosis, and collagen disease (e.g., rheumatoid arthritis or systemic lupus erythematosus [SLE]). 9. The coexistence of dermal small vasculitis and subcutaneous arteritis should suggest a systemic vasculitis disorder such as ANCA-related vasculitis (Figure 33 ), collagen disease, 9 or infection-related vasculitis (e.g., hepatitis C virus-induced cryoglobulinemic purpura, inflammatory bowel disease). 
Summary
Skin is the most common target organ for vasculitis (Figure 34) . A diagnosis of cutaneous vasculitis is best determined by the histopathologic findings. However, the diagnosis may be difficult because of the constellation of clinical and histopathologic findings. The above described contents are the best approach to the complicated histopathology of cutaneous vasculitis, including the morphology of cutaneous vessels; the diagnostic criteria; the diagnostic pitfalls; and the classification, based on the size of the involved vessels and the principal inflammatory response.
